
This content has been downloaded from IOPscience. Please scroll down to see the full text.

Download details:

IP Address: 141.209.100.60

This content was downloaded on 01/10/2015 at 19:18

Please note that terms and conditions apply.

The Fine Structure of Some Sodium Salts of the Fatty Acids in Soap Curds

View the table of contents for this issue, or go to the journal homepage for more

1922 Proc. Phys. Soc. London 35 269

(http://iopscience.iop.org/1478-7814/35/1/339)

Home Search Collections Journals About Contact us My IOPscience

iopscience.iop.org/page/terms
http://iopscience.iop.org/1478-7814/35/1
http://iopscience.iop.org/1478-7814
http://iopscience.iop.org/
http://iopscience.iop.org/search
http://iopscience.iop.org/collections
http://iopscience.iop.org/journals
http://iopscience.iop.org/page/aboutioppublishing
http://iopscience.iop.org/contact
http://iopscience.iop.org/myiopscience


The Structure of Sodium Salts. 

No. of 
CH, groups. . spacing. Salt. 

............ 
-- 

Pia Laurate 10 33.6 A.U. 

Xa AIyristate ......... 12 38.8 A.U. 

Ka ,Palmitate ......, 14 43.8 A.U. 
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Close 
spacings. Difference. ~ 

-- - 
4.22 4.88 

4.18 4.9 

1 4.18 4.9 

i 6.0 A.U. 

5.0 A.U. 

XXVII. The Fine Structure of Soine Sodium Salts of the Fatty Acids in Soap Curds. 
By S. H. PIPER, D.S.O., B.Sc., F.Inst.P., and E. N. GRINDLEY, B.Sc. 

l<ECISIVED JVXS 8, 1923. 

ABSTRACT 
X-ray photographs of certain sodium salts of the fatty acids (soap curds) show 

lines due to reflections from planes with very wide spacings of the order 40 A.U. These 
planar spacings increase uniformly with the number of CH, groups in the molecule, 
indicating an effective length of 1.25 A.U. for the CH, group. These and other lines 
can be accounted for by assuming that the curds are in the smectic state described by 
Friedel. 

* Darke, BIcBain and Salmon, p. 395, P.R.S. 98 (1921). 
t C.R., Xo. 11,  Vol. liF, p. 738, March (1923). 
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According to  Langmuir* thc length of the Palmitic Acid molecule is 24 A.U. 
This is of the order of one-half the wide spacing shown by the Sodium Palmitate curd, 
and suggests that the molecules are distributed in planes to which their axes are 
pcrpendicular, and that the molecules in successive planes face in opposite directions, 
In  this case the reflections are probably from parallel planes containing Sodium 
atoms and spaced a t  distances equal to twice the length of the molecule. The 
common difference of 5A.U. would then be equal to  the effective length of four 
CH, groups. 

The diffuse nature of the lines given by the closer spacings does not allow of 
an accuracy of measurement greater than about 4 per cent. Langmuir (loc. ci t . )  gives 
measurements of the effective cross-section of the heads of the molecules of two 
fat ty  acids in thin films as 21 x 10-lficm2 and 22 x 10-IGcm2. This is assumed to be 
the area of cross-section of the -COOH group. Our end group only differs in nature 
from this by the substitution of sodium for hydrogen, and as one of the oxygen 

FIG. 1. 

atoms is placed obliquely it is probable that -COOH and -COONa have approxi- 
matelv the same cross-section. 

-C-0-H 
and 8 The distribution of the -COOH group is usually supposed to be .- 

it  is quite conceivable that such a group would have an effective width in its plane 
greater than in the direction at  right angles to it. The products of the close 
spacings given in Table I. is approximately 21 x 10-16cm2, suggesting that the lines 
from which these spacings are calculated are due to planes containing the lengths 
of the molecules and perpendicular to one anothcr. The small rectangles are the 
effective cross-sections occupied by the COONa groups in the widely spaced planes. 
The planes referred to above are shown in section as A B  for the 4.2 spacing and as 
CD for the 4.9 spacing. The molecules lie perpendicular to the plane of the diagram. 
This is perhaps made clearer by  Fig. 1. This value of 21 x 10-16cm2 agrees with that 
given by N. K. Adamst for condensed films of fatty acids. 

There are many other faint lines shown on the photographs which it has not 
yet been possible to analyse. 

In  addition to the three salts shown in the Table we have measured the lines 
given by sodium stearate both as a curd and in the dry condition. In this salt 
there are 16 CH, groups, and we should expect a wide spacing of about 48.5 A.U. 

* J .  Ani. Chem. Soc., p. 1865, July-Dec. (191i). 
X. K. Adams, P.R.S., .4., Yol. 101, p. 452 (1922). 
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Measurements of four plates give a mean value of 44A.U., which is nearly that 
observed for the Palmitate. Langmuir (loc. cit .)  gives 25, and Adams (Zoc. cit.) 
26.2 A.U. as the length of the Stearic Acid molecule. Langmuir also gives 24 A.U. 
as the length of the Palmitic Acid molecule. There seems little doubt that the 
Stearic molecule is longer than the Palmitic, and we have not yet succeeded in 
accounting for our apparently anomalous values. We find that the values of the 
spacing as measured for the stearate show more variation among themselves than 
do the measurements on the strong lines of the other salts. There is also in the 
Stearate an indication of alteration in spacing as the amount of water in the sub- 
stance changes. This substance is now being more thoroughly examined. 

Assuming that these substances are in the smectic condition described by 
Friedel* (as is done byde Brogliei for the Oleates he measured),we can account for 
some of the properties of the smectic bodies. In many cases for bodies in the 
smectic state the molecules have a common direction and are distributed over 
parallel equidistant planes (planes of Grandjean) and have their lengths normal to 
these planes. The distance between the planes is assumed by Friedel to be equal to, 
or a multiple of, the thickness of the stratified layers of soap films measured by 
Wells:, that is, about 43 A.U. On our theory this minimum thickness is the length 
of two molecules perpendicular to the plane and so placed that the CH, groups are 
in contact inwards and the sodium atoms on the two free surfaces. The affinity 
of the -CH, groups for one another is greater than the affinity of the sodium 
atoms ; the planes containing the sodium are therefore planes of slip. The structure 
attributed to  the -CH2- chain by Langmuir (loc. cit.) is of the type 

CH, CH, CH, 
\ / \  
CH, 

and if several of these are placed parallel the chains can lock and give a rigidity to 
the structure in the direction of the length, This suggests fluidity in the direction 
of the planes and rigidity a t  right angles, as mentioned by Friedel (Zoc. c i f .  p. 302). 

That this is the true nature of the structure of the chain also receives support 
from the following considerations. 

Assuming the angle between the lines joining the centres of successive Carbon 
atoms in the zig-zag chain is 109'28' as in the diamond, and taking 1.54 A.U. as the 
size of the carbon atom, the distance between the centres of successive carbon atoms 
measured along the axis of the molecule will be 1.26A.U. Four carbon atoms 
will account for a length of 5.04 A.U. agreeing with our measurement of 5.0 A.U. 
The hydrogen atoms are, of course, fixed to the sides of the chain. In addition 
to this, one plate taken with a rather high potential on the tube, shows clearly 
two absorption edges, which, if due to the silver in the film, correspond t o  spacings 
Of 1.27A.U. and 0.94A.U. These correspond fairly well to the planes marked 
A B  and CD in Fig. 2 below. 

The diffuse nature of the reflections given by the 4.2 A.U. and 4.9 A.U. spacings 
can also be explained from considerations of the smectic state. The planes con- 

* G .  Friedel, Annales de Physique, XOY. (197:). 
t M. de Broglie, I v c .  c t t .  

IYells, Atmales de Physique, Sept., p. 98 (1921). 
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taining the lengths of the molecules are not crystalline planes, in fact the whole 
structure is looser than that of a crystal. One can therefore reasonably expect a 
much greater tolerance in the width of the spacing of these planes than in those of 
a true crystal. 

Microscopic examination of the curds of sodium myristate shows the conical 
structure described by Friedel for the smectic body. The other substances have 

not yet been obtained in a state that permits of a satisfactory examination with 
the microscope. 

We are indebted to Professor Tyndall and Professor McBain for suggestions, 
andi to  the latter for the specimens. l h e  aperiments, were carried out in the 
Physics Department of the University of Bristol with the aid of a grant from the 
Colston Research Society. 


